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RE ACTIVE ORANGE DYES CONTAINING VINYL SULFONES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a reactive orange dye containing vinyl 
sulfone and more particularly, to the dye which have 6(7)- 
alkoxycarbonylamino-4-hydroxy-2-naphthalenesulfonic acid as a chromophore 
and aminophenyl-/? -ethylsulfone derivative as an azo coupler. This dye 
provides excellent fastness in terms of light, washing, perspiration and chlorine 
as well as better dyeing yield than other monofunctional reactive dye: 
Formula 1 

OH 

-N=N- 





S °3 M S0 2 CH 2 CH 2 Z 
wherein, M is alkaline metal atom; Z is -0-S0 3 M or OC(0)CH 3 ; R is alkyl 
group having 1-4 of carbon atom; and a position of C 6 or C 7 is substituted with 
carbamate group. 

Description of the Related Art ' 

In the case of using the conventional orange reactive dye containing a 
vinylsulfone-based compound for the manufacture of a black dye, a much 
larger amount of dye is needed in mixing for preparation of black dye. This is 
because the conventional orange reactive dye has lower several fastness, 
particularly, light fastness, and lower dyeing yield and the amount of 
wastefulness during washing is larger, which is responsible for the waste of 
dye, change of color and the difficulty of adjusting tone. 
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SUMMARY OF THE INVENTION 

In an effort to solve the problems of conventional reactive orange dye 
containing vinyl sulfone, the inventors have made intensive studies and as a 
result they have developed the dye expressed in formula 1. 

Accordingly, an object of this invention is to provide a reactive orange 
dye containing vinyl sulfone which has an excellent combination of properties 
such as better fastness in light, washing, perspiration and chlorine, superior 
dyeing yield compared to other monofunctional reactive dyes, and better 
effectiveness on dyeing of cellulose fibers for mixing color as well as single 
color. 



Detailed Description of the Invention 

This invention is characterized by a reactive orange dye containing 
vinyl sulfone expressed in the following formula 1: 
Formula 1 



OH 




wherein, M is alkaline metal atom; Z is -0-S0 3 M or 0(1(0)0^ R is alkyl 
group having 1-4 of carbon atom; and a position of Q or Q is substituted with 
carbamate group. 

This invention is also characterized by a process for preparing a 
reactive orange dye containing vinyl sulfone expressed in the following 
formula 1, which comprises the steps of: 

(a) diazotizing aminophenyl- 0 -ethylsulf one compound of formula 2; 

(b) condensing in such a manner that alkyl chloroformate is slowly 
added to neutralized solution of 6(7)-amino^hydroxy-2-naphthalenesulfonic 
acid to prepare 6(7)-alkoxycarbqnylamirio^hydr 
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acid expressed in the following formula (3) at 0-25 °C with maintaining 
pH in the range of 3-6 by means of LiOH or Li 2 C0 3 ; and 

(c) coupling the reacting mixtures obtained in the above steps of (a) 
and (b) at 0-5 °C with adding a base so as to adjust pH lower than 6.5. 

The process for preparing the reactive orange dye containing vinyl 
sulfone is expressed as the following Schemel: 
Scheme 1 




( 1 ) 

wherein M is an alkaline metal atom; Z is -OS0 3 M or OC(0)CH 3 ; and R is alkyl 
group having 1-4 of carbon atom. 

The first step is to diazonate 3(4)-aminophenyl- 0 -ethylsulfone. The 
diazotization is a commonly available method; 3(4)-aminophenyl- /? - 
ethylsulfone is dispersed in water at 0-5°C, followed by the addition of 
concentrated hydrochloric acid and NaN0 2 to carry put diazotization reaction. 

The second step is to generate a sulfonic acid lithium salt by 
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neutralizing 6(7)-alkoxycarbonylamino-4-hydroxy-2-naphthalenesulfonic acid 
with a base, preferably LiOH or Li 2 C0 3 . The amount of lithium base is 
determined by equivalent rate to the amount of 6(7)-amino-4-hydroxy-2- 
5 naphthalenesulfonic acid. 

Then, with adjusting pH in the range of 3-6 by LiOH or Li 2 C0 3 , alkyl 
chloroformate is slowly added to the neutralized aqueous solution of 6(7)- 
alkoxycarbonylamino-4-hydroxy-2-naphthalenesulfonic acid lithium salt. In 
this reaction, it is necessary to use lithium base instead of NaOH, Na 2 CO v KOH 

10 or K 2 C0 3 which reacts with alkyl chloroformate to generate by-products. As a 
result of the above reaction, amine group of 6(7)-alkoxycarbonylamino-4- 
hydroxy-2-naphthalenesulfonic acid and alkyl chloroformate are condensed to 
give a 6(7)-alkoxycarbonylamino-4-hydroxy-2-naphthalenesulfonic acid 
expressed by following formula 3. An alkyl group of alkyl chloroformate is 

15 methyl, ethyl, n-propyl or n-butyl group. If the pH of condensation reacting 
solution is lower than 3, alkyl chloroformate becomes hydrolyzed; in the case 
of exceeding pH 6, it condensed with hydroxy group. Further, it is preferred 
that the condensation temperature is 0-25°C with addition of ice, more 
preferably 10-15°C. If the temperature is lower than 0°Q the reaction rate is 

20 extremely slow ; in the case of exceeding 25°C, the side reaction may occur. 

The last step is to couple the diazo solution and condensing reaction 
mixture at 0-5 °C with adding a base so as to adjust pH in the range of 5- 6.5, 
finally preparing reactive orange dye containing vinyl sulfone expressed in the 
formula 1. If the pH is more than 6.5, reactive groups may be hydrolyzed. 

25 The following specific examples are intended to be illustrative of the 

invention and should not be construed as limiting the scope of the invention as 
defined by appended claims. 
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Example 1 

First, 8.44g(0.03mol) of 4-aminophenyl- J3 -sulfatoethylsulfone was 
dispersed in 70ml of water and after the dropping of NaN0 2 (10.5ml), the 
temperature was adjusted to 0-5 °C, followed by the addition of ice (lOOg). Then, 
5 6.52ml of 35% HC1 was added to diazonate and excess of nitrous acid was 
removed with the addition of sulfamic acid. 

60ml of H 2 0 was added to 7.18g (0.03mol) of 6-amino-4-hydroxy-2- 
naphthalene sulfonic acid and was then neutralized with 15ml of aqueous 
solution of 2N LiOH, after which pH was adjusted to 5.5-6.0 with 2N HC1, 

10 followed by the addition of 30g of ice. Thereafter, 3.58g (0.033mol) of ethyl 
chloroformate was slowly added to the reaction mixture in the presence of 
aqueous solution of LiOH for adjusting pH to be 3-6, which leads to 
condensation reaction. After the completion of the above reaction, salting-out 
and filtering was carried out following the adjustment of pH to 6. 

15 Thereafter, the condensed solid of ethyl chloroformate is dissolved in 

60ml of water and diazo solution was added for the purpose of coupling 
reaction at 0-5 °C with adjustment of pH to 5.0-6.5 by aqueous solution of 
Na 2 C0 3 . Following the completion of coupling reaction, spray-drying was 
performed and finally reactive orange dye containing vinyl sulfone (R^CjH^ 



20 Z=OS0 3 Na) expressed in the formula (1) was prepared. 

1 H-NMR(300 MHz, DMSO-d 6 ) : S 1.26(3H, t), 3.63(2H, t), 3.96(2H, t), 4.16(2H, 



q), 7.49(1H, s), 7.66(1H, d), 7.80(1H, d), 



7.90(2H, d), 7.96(2H, d), 8.41(1H, s), 10.06(1H, 



s), 15.50(1H, s) 



25 



Example 2 



First, 7.30g(0.03mol) of 4-aminophenyl- J3 -acetoxyethylsulf one was 
dispersed in 70ml of water and after the dropping of NaN0 2 (10.5ml), the 
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temperature was adjusted to 0-5 °C, followed by the addition of ice (lOOg). 
Then, 6.52ml of 35% HC1 was added to diazonate and excess of nitrous acid 
was removed with the addition of sulfamic acid. 

60ml of HLO was added to 7.18g (0.03mol) of 6-amino-4-hydroxy-2- 
naphthalene sulfonic acid and was then neutralized with 15ml of aqueous 
solution of 2N LiOH, after which pH was adjusted to 5.5-6.0 with 2N HC1, 
followed by the addition of 30g of ice. Thereafter, 3.58g (0.033mol) of ethyl 
chloroformate was slowly added to the reaction mixture in the presence of 
aqueous solution of LiOH for adjusting pH to be 3-6, which leads to 
condensation reaction. 

Thereafter, the diazo solution was added to the condensed solution of 
ethyl chloroformate and upon adjusting pH to be 5-6.5 with aqueous solution 
of Na 2 C0 3 , the coupling reaction was completed at 0-5 °C. Finally, the resulting 
mixture was salting-outed and prepared reactive orange dye containing vinyl 
sulfone (I^QHs, Z=OCOCH 3 ) expressed in the formula (1) was prepared. 
] H-NMR(300 MHz, DMSO-d 6 ) : S 1.26(3H, t), 1.77(3H, s), 3.72(2H, t), 4.16(2H, 

q), 4.26(2H, t), 7.49(1H, s), 7.66(1H, d), 7.79(1H, 
d), 7.90(2H, d), 7.97(2H, d), 8.41(1H, s), 
10.05(1H, s), 15.48(1H, s) 

Example 3 

First, 59.07g(0.21mol) of 4-aminophenyl- B -sulfa toethylsulfone was 
dispersed in 420ml of water and 43.5ml of 35% HQ was added at 0-5°C, 
followed by the addition of ice (lOOg). Then, 67ml of NaN0 2 was added to the 
reaction mixture for the purpose of diazolation, after which excess of nitrous 
acid was removed with the addition of sulfamic acid. 

800ml of H 2 0 was added to 47.85g (0.2mol) of 7-amino-4-hydroxy-2- 
naphthalene sulfonic acid and was then neutralized with 40ml of aqueous 
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solution of 5N LiOH, followed by the addition of 150g of ice. Thereafter, 
23.87g (0.22mol) of ethyl chloroformate was slowly added to the reaction 
mixture in the presence of aqueous solution of LiOH for adjusting pH to be 3-6, 
which leads to condensation reaction. 

Then, the prepared diazo solution was added to the prepared ethyl 
chloroformate condensation solution and upon adjusting pH to be 5-6.5 with 
aqueous solution of NaOH, the coupling reaction was completed at 0-5 TC. 
Finally, the resulting mixture was spray-dried and prepared reactive orange 
dye containing vinyl sulfone (R=C 2 H 5 , Z=OS0 3 Na). 

1 H-NMR(300 MHz, DMSO-d 6 ) : 3 1.26(3H, t), 3.63(2H, t), 3.95(2H, t), 4.17(2H, 

q), 7.40(1H, s), 7.61(1H, d), 7.75(1H, s), 7.88(2H, 
d), 7.92(2H, d), 8.15(1H, d), 10.24(1H, s), 
15.56(1H, s) 



Example 4 

First, 12.17g(0.05mol) of 4-aminophenyl- $ -acetosaethylsulfone was 
dispersed in 125ml of water and after the dropping of NaN0 2 (16.8ml), the 
temperature was adjusted to 0-5 °C, followed by the addition of ice (30g). Then, 
10.9ml of 35% HC1 was added to diazonate and excess of nitrous acid was 
removed with the addition of sulfamic acid. ' 

150ml of H 2 0 was added to 11.96g (O.OSmol) of 7-amino-4-hydroxy-2- 
naphthalene sulfonic acid and was then neutralized with 10ml of aqueous 
solution of 5N LiOH, followed by the addition of 70g of ice. Thereafter, 5.97g 
(0.055mol) of ethyl chloroformate was slowly added to the reaction mixture in 
the presence of aqueous solution of LiOH for adjusting pH to be 3-6, which 
leads to condensation reaction. 

Thereafter, the diazo solution was added to the condensed solution of 
ethyl chloroformate bnd upon adjusting pH to be 5-6.5 : with aqueot^i solution 
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of NaOH, the coupling reaction was completed at 0-5 *C. The resulting 
mixture was salting-outed and filtered, finally preparing reactive orange dye 
containing vinyl sulfone (R=C 2 H 5 , Z=OCOCH 3 ) expressed in the formula (1) 
was prepared. 

'H-NMR^OO MHz, DMSO-d 6 ) : S 1.26(3H, t), 1.77(311, s), 3.71(2H, t), 4.17(2H, 

q), 4.26(2H, t), 7.40(1H, s), 7.61(1H, d), 7.75(1H, 
d), 7.89(2H, d), 7.94(2H, d), 8.14(1 H, d), 
10.24(1H, s), 15.53(1H, s) 

Example 5-20 



The reactive orange dye containing vinyl sulfones represented in the 
following Table la-lb were prepared as in Example 1-4. 
Table la 



Category 


Formula 2 


R 


Reactive group 


Tone 


Example 5 




CH 3 


p-S0 2 CH 2 CH 2 OS0 3 Na 


Redish orange 


Example 6 




QH 5 


m-S0 2 CH 2 CH 2 OS0 3 Na 


Redish orange 


Example 7 


7 -acid* 


C 3 H 7 


p-S0 2 CH 2 CH 2 OS0 3 Na 


Redish orange 


Example 8 


n-C^Hg 


p-S0 2 CH 2 CH 2 OS0 3 Na 


Redish orange 


Example 9 




CH 3 


p-S0 2 CH 2 CH 2 OS0 3 CH 3 


Redish orange 


Example 10 




QH 5 


m-S0 2 CH 2 CH 2 OS0 3 CH 3 


Redish orange 


Example 11 






p-S0 2 CH 2 CH 2 OS0 3 CH 3 


Redish orange 


Example 12 




n-C 4 H 9 


p-S0 2 CH 2 CH 2 OS0 3 CH 3 


Redish orange 


Example 13 




CH 3 


p-S0 2 CH 2 CH 2 OS0 3 Na 


Orange 


Example 14 


J-acid** 


QH 5 


m-S0 2 CH 2 CH 2 OS0 3 Na 


Orange 


Example 15 




p-S0 2 CH 2 CH 2 050 3 Na 


Orange 


Example 16 




n-C 4 H9 


p-S0 2 CH 2 CH 2 OS0 3 Na 


Orange 


Example 17 




CH 3 


p-S0 2 CH 2 CH 2 OS03GH3 


Orange 


Example 18 






m-S0 2 CH 2 CH 2 bS03 


^ .Orange 
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Category 


Formula 2 


R 


Reactive group 


Tone 


Example 19 


J-acid** 


C 3 H 7 


p-S0 2 CH 2 CH 2 OS0 3 CH 3 


Orange 


Example 20 


n-QH 9 


p-S0 2 CH 2 CH 2 OSO 3 CH 3 


Orange 


* 7 -acid: 6-amino-4-hydroxy-2-naphthalenesulfone acid 
**J-acid: 7-amoino-4-hydroxy-2-naphthalenesulfone acid 



Example 14 

'H-NMR(300 MHz, DMSO-d 6 ) : 8 1.26(3H, t), 3.66(2H, t), 3.98(2H, t), 4.18(2H, 

q), 7.33(1H, s), 7.47-7.68(2H, m), 7.65(1H, s), 
7.74(1H, s), 8.19(1H, d), 8.21-8.68(2H, m), 
10.06(1H, s) 



Example 18 

10 ^-NMRpOO MHz, DMSO-d 6 ) : <5 1.26(3H, t), 1.75(3H, s), 3.77(2H, t), 4.18(2H, 

q), 4.29(2H, t), 7.39(1H, s), 7.63(1H, t), 7.68(1H, 
d), 7.71(1H, d), 7.76(1H, s), 8.16(1H, d), 
8.18(1H, d), 8.19(1H, s), 10.23(1H, s), 15.69(1^ 
s) 

15 Test 

0. 02g (1.0% o.w.f. dyeing), 0.04g (2.0% o.w.f. dyeing) and 0.06g (3.0% 
o.w.f. dyeing) of the orange reactive dye prepared in the above was dissolved 
in 25ml of water, respectively and then 2g of cotton was added, followed by 
elevating temperature to 40 °C. Then, 0.75g of sodium sulfate was added and 
20 the temperature is elevated to 60 V, followed by the addition of 0.75g of 
sodium carbonate. Dyeing is carried for 60 minutes and washed with cold 
water. The fabric is soaped off at 98 "C for 20 minutes, is rinsed once more and 
is dried. The dyeing yield and several fastness of me resulting dyed fabric were 
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measured. 

In terms of dyeing yield, 1.0% o.wi. dyeing shows 80-82% and 3.0% 
o.w.f. dyeing 82-84%, which is higher than monofunctional dye. 

With respect to light fastness (KS K 0218 direct-illumination method), 
5 1.0% o.w.f. dyeing shows 3-4 th grade and 3.0% o.w.f. dyeing 4-5* grade. 

Referring to the fastness on washing (KS K 030 A-4), perspiration 
(Acidity, Alkalinity; AATCC Method 14) and chlorine (JIS-0884-1983), this 
invention exhibits all 5 th grade, which is excellent values. 

Further, this invention shows excellent levelness of dyeing and 
1 0 reproducibility. 

As described in the above, the reactive orange dye containing vinyl 
sulfone expressed in formula 1 shows excellent levelness of dyeing and 
reproducibility as well as several fastness, which is well applicable to dyeing of 
cellulose fabrics. 



15 



